Myocardial protection in the failing heart: II. Effect of pulsatile cardioplegic perfusion under simulated left ventricular restoration.
The open ventricle was studied in pacing-induced experimental heart failure to determine the extent of coronary perfusion and distribution during either continuous or pulsatile cardioplegic perfusion compared with whole blood in the beating heart. In 5 animals that underwent pacing-induced heart failure and in 6 control swine, regional coronary blood flows were measured on bypass in the open left ventricle (simulating exposure for left ventricle restoration) during (1) beating, (2) nonpulsatile cardioplegia, and (3) pulsatile cardioplegia modalities. Mean perfusion pressure was maintained at 80 mm Hg. Flow magnitude and distribution differed in control and failing hearts in the open left ventricle. In control hearts, transmural and endocardial cardioplegic flow of nonpulsatile and pulsatile flow (which were similar to each other) exceeded beating flow by 63% and 70%, respectively, in the open left ventricle condition. Transmural and subendocardial vascular resistance increased in failing hearts during cardioplegic delivery, resulting in lower subendocardial flow under nonpulsatile conditions for the same perfusion pressure. In failing hearts, subendocardial perfusion conditions did not change in the beating state (0.89 vs 0.78 mL/min/g in control and failing open beating states, respectively), but nonpulsatile cardioplegic flow was significantly reduced by 154%, and became lower than beating flow by 32.2% (0.78 vs 0.59 mL/min/g). Conversely, pulsatile cardioplegic delivery improved endocardial flow in the open failing hearts, as cardioplegic perfusion with pulsatility exceeded beating flow by 41%. In heart failure, pulsatility from either the beating heart, which causes extrinsic compression of coronary vessels, or intrinsic vessel distension during pulsatile cardioplegic perfusion preserved endocardial perfusion better than nonpulsatile cardioplegia at the same perfusion pressure. In the failing open ventricle (simulated geometry during ventricular restoration), subendocardial blood flow was maintained in the beating state, but decreased significantly from control values during nonpulsatile cardioplegic perfusion. Conversely, pulsatile cardioplegic delivery improved subendocardial perfusion of the open failing ventricle. These findings of improved subendocardial perfusion during pulsatile delivery (either during beating or cardioplegic perfusion) compared with nonpulsatile cardioplegic delivery may have important implications for myocardial protection in failing hearts.